National Sediment Bioaccumulation Conference

Development of Tissue Residue
Threshold Values

Alfred W. Jarvinen, David R. Mount, and Gerald T. Ankley
U.S. Environmental Protection Agency, Mid-Continent Ecology Division, Duluth, Minnesota

Background literature data on tissue concentrations of toxicants and
associated biological effects for aquatic animals. The

chemical residue-based approach for evaluatingurpose of this presentation is to describe the database and

Adose, also called critical body residue (CBR) orprovide some examples of analyses that can be conducted
lethal body burden (LBB), has been advocated afrom these data.

an improvement for prediction of toxicity to organismsin

the environment (Friant and Henry, 1985; McCarty, 1986;

Cook et al., 1987; Van Hoogen and Opperhuizen, 198dDatabase Content and Development

Cook et al., 1991; McCarty, 1991; McCarty et al., 1991;

Tas et al., 1991; Landrum et al., 1992; and McCarty and Pertinent literature was identified through several

MacKay, 1993). The correlation of body residues to toxicsearch mechanisms, including electronic databases (e.qg.,

effects (residue-based dose) has a number of advantag@®LTOX [®; Cambridge Scientific Abstracts), in-house

over using an exposure-based approach (i.e., water bterature files, Current Contefitsand other assorted

food concentrations that cause toxic effects). As outlinedources. For all literature, hard copies of the primary

by McCarty and MacKay (1993), these adtegyes include literature were obtained and are maintained in the project

the following: (1) bioavailability is explicitly considered; files.

(2) accumulation kinetics are considered, whichreducesthe  From this literature, residue/effect information was

confounding effect of exposure duration when interpretingnanually extracted. General inclusion criteria were:

results; (3) uptake from food (as distinct from water) is  ® Organism was a marine or freshwater fish, inver-

explicitly considered; (4) toxic potencies are expressed in tebrate, or aquatic lifestage of amphibian (terres-

a less ambiguous manner, facilitating identification and trial animals, birds, and plants were not included);

investigation of different modes oftoxic action; (5) effects ~ ® There was aneasuredhemical concentration in

of metabolism on accumulation are considered; (6) mix- the whole body or in a specific tissue; and

ture toxicity can be more readily assessed; and (7) experi- ¢ There was some observation of biological effectin

mental verification can be more readily determined be- the form of survival, growth, or reproduction

tween laboratory and field. (physiological and biochemical endpoints were
Bioaccumulation testing is being used increasingly not considered).

in various environmental monitoring and regulatory pro- In general, only data from exposures using a single

grams involving sediments. In these tests, sedimerthemical were used; information from mixture studies
organisms are exposed to sediment samples for a preras not used unless the mixture contained only related
scribed time period (e.g., 28 days). Following this uptakehemicals (same mode of action). Control treatments
period, exposed organisms are analyzed for chemicals @fere required as a basis for comparison of biological
interest. While these tests are one mechanism for asses$fect, except in studies where survival w&6 percent
ing the bioavailability and accumulation of sediment(thus survival was not reduced). All chemical types (e.qg.,
contaminants, they do not intrinsically predict the toxico-organic and inorganic, ionic and nonionic) were
logical effects of bioaccumulative toxicants. For thisincluded.
prediction, some association between tissue residues and For references meeting these criteria, specific
toxicological effects must be developed. Thus, bioaccuinformation was extracted for inclusion in the database.
mulation tests are a natural application for residue-basedatabase fields are as follows:
effects assessment. e Study Type acute or chronic

To help evaluate the basis for, and applicability of, =~ ® Chemical Name exact chemical form (e.g.,
residue-based effects assessment, we have undertakenthe  metal salt) is included parenthetically
development of a comprehensive database containing ¢ CAS Number
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* LogK_, these chemicals were for whole-body analyses, the expo-

* Molecular Weight sure regimes varied widely with regard to species, lab

* Species versus field, and route of exposure, among other vari-

¢ Life Stage life stage exposed, or range if multiple ables. Regardless of these differences, these values do
life stages were exposed suggest a range of chemical residues associated with

¢ Lab/Field: whether exposures were conducted irbiological effects, with the threshold for reported effects
the laboratory or in the field in the vicinity of 1 pug/g wwt for both chemicals.

¢ Test Conditions static, static-renewal, flow- Once data entry, accuracy checking, and initial
through, microcosm, mesocosm, etc. analysis are complete, it is our intention to make this

* Exposure Route water, sediment, diet, injection, database available to the scientific community for further
maternal analysis.

Exposure Concentration measured if given,
otherwise nominal

e Test Duration: in days References
* Tissue Analyzed whole body, soft parts, blood,
carcass, organ(s) Buckler, D.R., A. Witt, F.L. Mayer, and J.N. Huckins.
¢ Tissue Residue in pg/g wwt and pmol/wwt 1981. Acute and chronic effects of Kepone and
* Biological Response survival, growth, or repro- Mirex on the fathead minnowTrans. Am. Fish.
duction; no effect observations included Soc 110:270-280.
Reference literature source Cook, P.M., A.R. Carlson, and H. Lee. 1987. Tissue
¢ Comments flags on unusual conditions (e.g., residue approaclsediment classification methods

control performance problems, discrepancies in compendium Chapter 7. EPA 823-R-92-006.
the data, etc.) Cook, P.M., M.K. Walker, D.W. Kuehl, and R.E. Peterson.

As of September 1996, the database contained resi- 1991. Bioaccumulation and toxicity of 2,3,7,8-

due data from more than 480 literature sources, spanning tetrachlorodibenzo-p-dioxin and related compounds

237 chemicals, and resulting in approximately 3,000 indi- in aquatic ecosystems. IBanbury report 35:
vidual residue/effect pairs. Chemicals with the greatest Biological basis for risk assessment of dioxins and
number of residue/effect pairs at this time are: related compoundsCold Spring Harbor Labora-

* More than 400 residue/effect pairs tory Press, Plainview, NY, pp. 143-167.
cadmium Fisher, D.R., M.E. Bender, and M.H. Roberts. 1983.

¢ 100 to 250 residue/effect pairs Effects of ingestion of Kepone-contaminated food
DDT, TCDD, hexachlorobenzene, mercury, by juvenile blue crabs. Aquat. Toxicol
PCB(s), selenium 4:219-234.

* 40 to 100 residue/effect pairs Fisher, D.R., J.R. Clark, M.H. Roberts, J.P. Connolly, and
aminocarb, arsenic, copper, 2,4 dinitrophenol, en- L.H. Mueller. 1986. Bioaccumulation of Kepone by
dosulfan, endrin, fenvalerate, kepone, lead, lin- spot: Importance of dietary accumulation and in-
dane, nickel, 4-nitrophenol, pentachlorophenol, gestion rate. Aquat. Toxical 9:161-178.
terbufos, toxaphene, tributyltin, zinc

Chlorpyrifos Residues Versus Biological Responses
Example Data Sets
10,000

Compilation and analysis of the
data are ongoing at this time. Howevey, 1,000 .
as an example of data analyses than can~
be performed using the database, we ex-g 100
tracted data for chlorpyrifos (Jarvinen et 3 .
al., 1983; Macek et al., 1972; Serrano ¢t ¥
al., 1995; Hansen et al., 1986; Montangs = 10
et al., 1995) and kepone (Buckler et al|, & g
1981; Hansenetal., 1977a, 1977b; Fisher 5 1 .
and Clark, 1990; Sanders et al., 1981, S
Stehlik and Merriner, 1983; Fisher et al.
1983; Fisher et al., 1986; Goodman et al., 0.1
1982).

Figures 1 and 2 display the resi 0.01
due/effect pairs for Ch|orpyrifos and ' No Effect./Effect No Effect/Effect No Effect/Eff.ect
kepone, segregated by biological end- Survival Growth Reproduction

point (survival, growth, or reproduc-Figure 1. No effect (squares) and effect (diamonds) concentrations
tion). Although all residues reported forfor chlorpyrifos in tissues.
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| | R Landrum, P.F., H. Lee, and M.J. Lydy.
Kepone Residues Versus Biological Responses 1992. Toxicokinetics in aquatic

50 systems: Model comparisons and

use in hazard assessment.

20 - Environ. Toxicol. Chem

¢ 11:1709-1725.

10 - $ Macek, K.J., D.R. Walsh, J.W. Hogan,
) : . . and D.D. Holz. 1972. Toxicity
2 5 . . ¢ of the insecticide Dursban to fish
Py s : and aquatic invertebrates in
c 2 . ponds. Trans. Am. Fish. Soc
S . 101:420-427.

N T McCarty, L.S. 1986. The relationship

05 - between aquatic toxicity

& . .
QSARs and bioconcentration

0.2 L for some organic chemicals.

’ . Environ. Toxicol. Chem

0.1 No Effect/Effect No Effect/Effect No Effect/Effect MCCart)?:llf)gl-lfggi Toxicant body

Survival Growth Reproduction residues: Implications for aquatic
Figure 2. No effect (squares) and effect (diamonds) concentrations bioassays with some organic
for kepone in tissues. chemicals. Aquat. Toxicol
14:183-192.

Fisher, D.R., and J.R. Clark. 1990. Bioaccumulation of\icCarty, L.S., D. Mackay, A.D. Smith, G.W. Ozburn,
Kepone by grass shrimp: Importance of dietary and D.G. Dixon. 1991. Interpreting aquatic toxic-
accumulation and food rationAquat. Toxical ity QSARs: the significance of toxicant body resi-
17:167-186. dues at the pharmacologic endpoirci. Total

Friant, S.L., and L. Henry. 1985. Relationship between Environ 109/110:515-525.
toxicity of certain organic compounds and their McCarty, L.S., and D. Mackay. 1993. Enhancing
concentrations in tissues of aquatic organisms: A ecotoxicological modeling and assessment.
perspective.Chemospher&4:1897-1907. Environ. Sci. Tech27:1719-1728.

Goodman, L.R., D.J. Hansen, C.S. Manning, and L.FMontanes, J.F.C., B. Van Hattum, and J. Deneer. 1995.
Faas. 1982. Effects of Kepone on the sheepshead  Bioconcentration of chlorpyrifos by the freshwater
minnow in an entire life-cycle toxicity tesfrch. isopodAsellus aquaticug outdoor experimental
Environ. Contam. Toxicol11:335-342. ditches. Environ. Pollut 88:137-146.

Hansen, D.J., L.R. Goodman, and A.J. Wilson. 1977aSanders, H.O., J. Huckins, B.T. Johnson, and D. Skaar.
Kepone: chronic effects on embryo, fry, juvenile, 1981. Biological effects of Kepone and Mirex in

i ; freshwater invertebrateg\rch. Environ. Contam.
ilgdzgguzlts ;heepshead minnowBhesapeake Sci Toxicol 10:531.539

Hansen, D.J., D.R. Nimmo, S.C. Schimmel, G.E. Walsh’Serrano, R., F. Hernandez_, J.B. Pena, V. Dosda_, and J.
and A.J. Wilson. 1977b. Effects of Kepone on Canales. 1995. Toxicity and b|o<_:o_ncen_tr<'_1t|on of
i - S '20 20 In RA. Tubb. ed selected organophosphorus pesticidedirilus
estuarine organisms, pp. £4-29. I R.A. 1Ubb, €d. ga)10provincialisandvenus gallinaArch. Environ.

Recent advances in fish toxicolo@yPA/600/3-77/ Contam. Toxicol 29:284-290.
085. U.S. Environmental Protection Agency, giehlik, L.L., and J.V. Merriner. 1983. Effects of accu-
Corvallis, OR. mulated dietary Kepone on spatquatic Toxical

Hansen, D.J., Goodman, L.R., G.M. Cripe, and S.F. 15:53-62.
McCauley. 1986. Early life-stage toxicity test Tas, J.w., W. Seinen, and A. Opperhuizen. 1991. Lethal

methods for gulf toadfish and results using body burden of triphenyltin chloride in fish: Pre-

chlorpyrifos. Ecotoxicol. Environ. Saf11:15-22. liminary resultsComp. Biochem. Physidl00C:59-
Jarvinen, A.W., B.R. Nordling, and M.E. Henry. 1983. 60.

Chronic toxicity of Dursban to the fathead minnow VanHoogen, G. and A. Opperhuizen. 19B&icokinetics

and the resultant acetylcholinesterase inhibition. of chlorobenzenes in fistEnviron. Toxicol. Chem

Ecotoxicol. Environ. Saf7:423-434. 7:213-219.
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Impetus for Research

. Need for interpretive guidance for
bioaccumulation testing

« Desire for decision criteria that are based on
biological effects
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Impetus for Research

« Proposal that risk assessment be based on
tissue residues rather than concentrations in
environmental matrices

. Assemble data necessary to evaluate a
tissue residue approach

. Evaluate tissue residue approach relative to
mode of action or other characteristics

Tissue Residue/Toxicity Database

. Exhaustive search of literature for residue
data linked to biological effect observations

« Selection criteria designed to maximize
guality, comparability, and interpretability of
resulting data
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Scope of Data Collection

marine and freshwater, fish and invertebrates
- does not include amphibians, terrestrial
vertebrates or birds

endpoints focused on survival, growth, and

reproduction

- histological/biochemical/physiological
endpoints not included

virtually all chemicals included, regardless of
mode of action

Database Fields

Acute/chronic . Test conditions
Chemical name « EXposure route

CAS number « [EXposure concentration
Log Kow « Test duration

Molecular weight « Tissue analyzed
Species . Residue

Life stage . Effect

Lab/field . Reference

« Comments
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Criteria for Data Inclusion

Measured tissue residue (whole body or
specific tissue)

Effect data or statement concerning the
health of the test organisms

Mixture papers used only if no effect was
observed

Control not necessary if no mortality was
observed

Database Content

Currently, the database contains
approximately:

- 485 references
- 200 chemicals
- 2,552 residue/effect pairs
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Largest Datasets

« More than 400 o 40to 100
- cadmium - aminocarb - nickel
« 100-250 - arsenic - 4-nitrophenol
- DDT - copper - pentachlorophenol
- TCDD - 2,4 dinitrophenol - terbofos
- hexachlorobenzene - endosulfan - toxaphene
- mercury - endrin - tributyltin
- PCB(s) - fenvalerate - zinc
- selenium - kepone
- lead
- lindane

Kepone Data

. 32 residuel/effect pairs

8 references

- 6 species (3 fish, 3 invertebrate)
- lab exposures only

- water, diet, parental exposures
- exposures 4 to 141 days




Proceedings

Chlorpyrifos Data

Species (n) Age Days S/G/R Source
Fathead minnow (6) Larva Lab 200 S,G,R Jarvinen et al. 1983
Bluegill (2) Juvenile  Field 63 S Macek et al. 1972
Largemouth Bass (2) Juvenile  Field 63 S Macek et al. 1972
Mussel (Mytilus) (2) Adult Lab 4 S Serrano et al. 1995
Mussel (Venus) (1) Adult Lab 4 S Serrano et al. 1995
Gulf toadfish (4) ELS Lab 49 S,G Hansen et al. 1986
Isopod (Asellus) (3) Adult Field 23 S,G Montanes & Hattum

1995

Chlorpyrifos Residues Versus Biological Responses

Chlorpyrifos (ug/g)

10,000
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Kepone Residues Versus Biological Responses
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BAF versus Exposure Duration
Chlorpyrifos (water exposures)
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Paired Effect/No Effect Data
Chlorpyrifos
Effect No Effect Geo. Mean
Survival
Gulf toadfish 770 175 367
Mussel (Mytilus) 53 4 14.6
Fathead minnow 5.11 3.03 3.93
Isopod (Asellus) 1.79 0.97 1.32
Blueqill 3.82 0.42 1.27
Largemouth Bass 2.55 0.47 1.09
Growth
Fathead minnow 3.03 0.95 1.70
Gulf toadfish 0.95 0.14 0.36
Reproduction
Fathead minnow 0.95 0.47 0.67
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Paired Effect/No Effect Data

Survival
Sheepshead minnow
Fathead minnow
Sheepshead minnow
Sheepshead minnow
Spot
Fathead minnow
Growth
Fathead minnow
Sheepshead minnow
Sheepshead minnow

Kepone

Effect No Effect
11 4.7
3.8 2.6
2.3 1.3
2.5 0.9
2.7 0.7
1.7 0.26
3.8 2.6
2.2 1.2
0.41 0.30

Geo. Mean

7.19
3.14
1.73
1.50
1.37
0.66

3.14
1.62
0.35

Interpretation Issues

. Quantity and type of data varies greatly
between chemicals

. Target tissue data not available consistently
. Relatively few data for individual PAH

. PCB mixtures vs. single congeners
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